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EFFECTS OF TIP-FIN GEOMETRY ON STABILITY CHARACTERISTICS
OF A MANNED LIFTING ENTRY VEHICLE FROM MACH 1.50 TO 2.86"

By James F. Campbell
Langley Research Center

SUMMARY

An investiggtion was conducted in the Langley Unitary Plan wind tunnel at
Mach numbers from 1.50 to 2.86 to determine the effects of variations in tip-
fin geometry on the stability characteristics of a manned lifting entry vehicle,
designated HL-10. The results of this investigation indicate that increasing
the toe-in angle of the tip-fin upper and lower panels combined or Just the
tip-fin upper panel generally resulted in increases in the directional stability
parameter and the effective dihedral throughout the test angle-of-attack and
Mach number ranges; the most important tip-fin geometric change, however,
appeared to be that of the lower panel. Increasing the tip-fin upper-panel
planform area produced substantial increases in the directional stability param-
eter and in the effective dihedral parameter throughout the test angle-of-
attack and Mach number ranges. Varying tip-fin roll-out and toe-in angles and
lateral planform area had only minor effects on the longitudinal character-
istics throughout the test angle-of-attack and Mach number ranges. It was also
shown that, although placement of the directional-control flap on the outer
surface of the tip-fin upper panel proved to be an effective means of producing
yawing-moment control with no corresponding effects on longitudinal stability,
there were significant amounts of adverse rolling moment throughout the test
angle-of -attack and Mach number ranges.

INTRODUCTION

Configurations having moderate lift-drag ratios (on the order of 1.0 at
hypersonic speeds) are of considerable interest for future entry vehicles. How-
ever, because these entry configurations are expected to operate over a wide
range of angles of attack and Mach numbers during the entry mode, the attainment
of adequate stability may be a critical factor. One of these configurations,
designated HL-10, is undergoing concentrated study at the NASA Langley Research
Center (refs. 1 to 7). These investigations have indicated that the negative
cambered HL-10 lifting entry configuration must depend largely upon tip-fin
surfaces for directional stability at the higher operational angles of attack
in the supersonic and hypersonic speed regimes. Results (ref. 6) show that
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directional instability occurs in a limited angle-of-attack range for this basic
version of the HL-10 entry vehicle at low supersonic speeds.

The present investigation was performed in order to determine the effects
of variations in tip-fin geometry on the stability characteristics, and in par-
ticular, the directional stebility of a model of the HL-10 entry vehicle at
Mach numbers from 1.50 to 2.86. The tests were performed in the Langley Unitary
Plan wind tunnel at angles of attack from about 0° to 38° and at angles of side-
slip from about -4° to 8°. The Reynolds number per foot (per 30.5 cm) for these

tests was 1.6 x 100.
SYMBOLS

The lateral force and moment data are referred to the body-axis system and
the longitudinal force and moment data are referred to the stabllity-axis sys-
tem. The reference center of moments was located at 53 percent of the body
length aft of the nose and at 1.25 percent of the body length below the body
reference line.

The units for the physical quantities used in this paper are presented
both in U.S. Customary Units and in the International System of Units (s1).
Factors relating the two systems are given in reference 8.

b body reference span, 10.310 in. (26.2 cm)
1 body reference length, 16.000 in. (40.6 cm)
C
L/D lift-drag ratio, EL
D
cy, 1ift coefficient, Lift
as
Cp drag coefficient, D;g
Cn pitching-moment coefficient, Pitchigglmoment
o) rolling-moment coefficient, Rollingbmoment
q
ALy
Cc effective-dihedral parameter, —=%, per de
lB ’ 28 y P g
Cn yawing-moment coefficient, IEHEEE§%QE§EE
Q




AC
C directional-stability parameter, ZEQ, per deg

Cy side-force coefficient, Side force

QS
CYB side-force parameter, ggx, per deg
M free-stream Mach number
q free-stream dynamic pressure
r radius, in. (cm)
S reference planform area, 0.634% sq ft. (0.0589 m?)
s* planform area of tip-fin panel, sq in. (cm2)
X,Y,Z body-axis system
X,¥,2 coordinates defining model contours
a angle of attack of model referred to body-reference line, deg
B angle of sideslip of model referred to plane of symmetry, deg
0 angle of aft lower surface of model in X-Z plane, 150
€ true toe-in angle of the tip fins (p = 0) in X-Y plane, deg
) roll-out angle of outside surface of tip fin; hinge line for roll-out
of lower panel is in plane of lower surface of body, deg
Subscripts:
1 lower panel
2 upper panel

APPARATUS AND TESTS

Wind Tunnel

Tests were conducted in the low Mach number test section of the Langley
Unitary Plan wind tunnel, which is a variable-pressure continuous-flow tunnel.
The test section is approximately 4 feet (1.22 m) square and 7 feet (2.13 m)
long. The nozzle leading to the test section is of the asymmetric, sliding-block
type which permits a continuous variation in Mach number from about 1.5 to 2.9.
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Model

Details of the T4C swept-leading-edge model are presented in figure 1 and
ordinates defining the profile and cross-section shape of the model, in table T.
The various tip-fin arrangements investigated are shown in figure 2, which
1llustrates the planform details when viewed perpendicular to each panel outer
chord plane along with upper-panel hinge-line locations. Tip-fin geometric
characteristics projected on either the plane of symmetry or the longitudinal
plane for the test arrangements may be obtained from the dimensions of figure 2
by considerations of the angular orientation (teble II) of each panel in the
horizontal and vertical planes. A summary of the geometric variables and tip-
fin details is presented in table II. Photographs of two configurations are
shown in figure 3. A wedge simulating a directional-control flap having a
deflection of 20° was provided on the outer surface of the left tip-fin (Pg)

upper panel (fig. 2).

Test Conditions

The test conditions for the investigation were as follows:

Stagnation Stagnation
Mach temperature pressure
number
OF oK psia kN /m2

1.50 150 339 6.18 k2.6
1.80 150 339 6.78 46.8
2.16 150 339 7.92 54.6
2.86 150 339 11.3%9 78.5

The Reynolds number per foot (per 30.5 cm) was constant at 1.6 X 106 for
all test conditions. The stagnation dewpoint was maintained at -30° F (239° K)
in order to avoid condensation effects in the test section. The angle-of-attack
range of the tests extended from about O° to 38° and the angle-of-sideslip range
from sbout -4° to 8°,

Measurements
Aerodynamic forces and moments were measured by six-component electrical
strain-gage balance housed within the model. The balance, in turn, was rigidly
fastened to a sting support and thence to the tunnel support system.
Accuracy

The accuracy of the individual measured quantities, based on calibration
and repeatability of data, is estimated to be within the following limits:




CD-.-.-....---.-'.-oo..-....-o. i0.00l
CL-.-'ooo-oo.n--ooc-oo..oo.-aan io-m

Cl-..-.-..-....................io-oooe
Copo+ « * * *» * o o o s o s o v e v s e e 4 s e e e e s .. . t0.0004

Cn - [ . . [ L . . L L L] L) - . . L] [ . . . . . . . . . . . . i000002
Cy o ¢ ¢t o v o o ottt e e e e e e e e e e e e e e e e *+0.001
o A« T - 10.10

By BB « & o + « t s 4 a e et et e e e e e e e e e e .. %0.10
. T

Corrections

Angles of attack were corrected for tunnel-flow angularity, and angles of
attack and sideslip were corrected for deflection of the balance and sting
support due to serodynamic loads. The drag data presented are the values meas-
ured by the strain-gage balance with no adjustment made to relate drag levels
to a condition corresponding to free-stream static-pressure conditions at the
model base.

PRESENTATION OF RESULTS

Results of the investigation of effects of tip-fin geometry on stability
characteristics of a manned 1lifting entry vehicle are presented in the following
figures:

Schlieren PhotOgraphsS « o« o o o o « o ¢ o o o o o o o o« o o o o o o « o« « o 4

Bagic lateral characteristics -
Effect of Py tip-fin toe-inangle . . . . . . . o ¢ ¢ o v o v 0 o4 ..
Effect of upper-panel toe-In angle . . . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o ¢ & & o s
Effect of upper-panel planform &8rea . . « « « « o « o « « o « o « « = o o
Effect of upper-panel roll-out angle . . . « & ¢ & & o o &+ o« o« o &

o= ov\un

Lateral parameters -
Effect of Pl tip-fin toe-in angle . . + ¢ ¢ ¢ 4 ¢« 4t 4 bt e e e 0 e . 0. 9
Effect of upper-panel toe-inangle . . . . . ¢« ¢« ¢ + + 4 ¢« ¢+ ¢ ¢« &« . . . 10
Effect of upper-panel planform 8rea . . . « « « « &« o o « o o o o« o« o o o 11
Effect of upper-panel roll-out angle . .« +« « « &+ &« o o « o o o & « « « » 12
Effect of left Po tip-fin upper-panel control-surface
deflection . « ¢« & & v ¢ 6 o v 4 6 4 s 4 e e s e e e e e e e e e . 13

Longitudinal characteristics -
Effect of P; tip-fin toe-inangle . . . . . . . . . . . .. o0 oo .. 1k
Effect of upper-panel toe-inangle . . . . . . . . .+ ¢ ¢ ¢ ¢ e e .. .. 15
Effect of upper-panel planform 8T€& « « « o o « « « « « « « « o « « « « . 16
Effect of upper-panel roll-out angle . . . ¢« & v & & o o ¢ « o o « &« « » 17
Effect of P, left tip-fin upper-panel control-surface
deflection . ¢« &+ ¢« o o 4 ¢t 6 s e s e 4 s e e e e s v e e e e e e ... 18



DISCUSSION

Lateral Characteristics

The basic aerodynamic characteristics in sideslip at Mach numbers 1.50
and 2.86 are presented in order to indicate the effects of tip-fin geometry on
the linearity of the lateral coefficients at an angle of attack in the vicinity
of minimum CnB (figs. 5 to 8). Since the sideslip parameters presented herein

(figs. 9 to 12) were obtained from incrementsl differences between results of
tests made through the angle-of-attack range at fixed angles of sideslip of
about O° and 5°, the linearity can affect the quantitative results. The basic
lateral coefficient results are relatively linear up to a sideslip angle at 50
at M = 2.86; however, some nonlinearities are evident, particularly in yawing
moment, at M = 1.50. It is believed that while the values of CnB at

M =1.50 (figs. 9 to 12) differ from the slopes obtained at B = 0° (figs. 5
to 8), the trends of the comparative curves are accurately defined.

Increasing the toe-in angle of the tip-fin upper and lower panels combined
(fig. 9) or just the tip-fin upper panel (fig. 10) generally results in a posi-
tive increment in the directional stability parameter throughout the test angle-
of-attack and Mach number ranges. Comparison of the directional-stability data
of the two figures indicates that the most important geometric change affecting
the directional stability level is that of the lower panel. Increases in the
directional stability parameter are also realized by increasing the tip-fin
upper-panel planform area (fig. 11). It should be noted that, in the vicinity
of the angle of attack at which minimum directional stability occurs for
M = 1.50, there appears to be a reversal in the general trends of CnB noted

previously in figures 9 to 11. The reason for these unexpected reversals is
not presently known.

It is seen by comparison of the P2 and S tip fins (fig. 12) that

increasing the tip~fin upper-panel roll-out angle has a favorable effect on the
directional stability parameter and causes an increase in CnB throughout the

test angle-of-attack and Mach number ranges. The increased roll-out and toe-in
angles associated with the T +tip-fin configuration result in a substantial
increase in the directional stability level over those corresponding to the Po

end S tip fins at angles of attack in the vicinity of minimum CnB at all
test Mach numbers. The characteristic of the T +tip fins to provide the

highest level of directional stability at angles of attack in the vicinity of
minimum Cp. holds true when these data are compared with those of the other

tip fins tested, particularly at a Mach number of 1.50.

The tip-fin geometric changes that improved the directional stability
characteristics of these configurations also caused an increase in effective
dihedral (-CZB) throughout the test angle-of-attack and Mach number ranges.

These results are caused by the tip-fin orientation aft and above the model
center of gravity. The T tip fins provide the largest amount of effective
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dihedral at angles of attack in the vicinity of minimum CnB, particularly at a
Mach number of 1.50.

Placement of the directional flap on the outer surface of the P, left
tip-fin upper-panel is an effective means of providing yawing moment for direc-
tional control at all test angles of attack and Mach numbers (fig. 13) although
significant amounts of adverse rolling moment were also induced. No cross
?ffect58§f this rudder flap on the longitudinal characteristics were noted

fig. 13).

Longitudinal Characteristics

The effects of increased toe-in angle of the Py tip fins are seen in
figure 14 as an increase in stability, an increase in Cp, and a corresponding

decrease in L/D at all test Mach numbers. Although these effects might be
expected considering the orientation of the lower and upper panel surfaces of
the tip fin in a combined roll-out and toe-in configuration, the variation of
the upper-panel toe-in angle alone (fig. 15) has no effect on the longitudinal
characteristics. Increasing upper-panel planform area (fig. 16) primarily
results in increases in At rime This effect of planform area essentially dis-
appears at the highest test Mach number. The results of increased upper-panel
roll-out angle seen by comparing Pop and S +tip fins (fig. 17) show a slight
decrease In aytyqy Wwith little or no effect on Cp, L/D, or Cy, throughout

the test Mach number range. The increase in roll-out and toe-in angles asso-
ciated with the T tip fins over those of the Po and S tip fins results in
lower values of aytyipm and a substantial increase in stability. In addition,

higher values of both C and Cp were obtained but the maximum values of
L/D were less.

CONCLUSIONS

Tests to determine the effects of tip-fin geometry on the stability char-
acteristics of & basic version of a manned 1ifting entry vehicle, designated
HL-10, at Mach numbers from 1.50 to 2.86 indicated the following conclusions:

1. Increasing the toe-in angle of the tip-fin upper and lower panels com-
bined or just the tip-fin upper panel generally resulted in increases in the
directional stability parameter and the effective dihedral throughout the test
angle-of-attack and Mach number ranges; the most important tip-fin geometric
change, however, appeared to be that of the lower panel.

2. Increasing the tip~fin upper-panel planform area produced substantial
increases in the directional stabillity parameter and in the effective dihedral
parameter throughout the test angle-of-attack and Mach number ranges.

3. Varying tip-fin roll-out and toe-in angles and lateral planform area
had only minor effects on the longitudinal characteristics throughout the test
angle-of -attack and Mach number ranges.




4. Although placement of the directional-control flap on the outer surface
of the tip-fin upper panel proved to be an effective means of producing yawing-
moment control with no corresponding effects on longitudinal stability, there
were significant amounts of adverse rolling moment throughout the test angle-
of-attack and Mach number ranges.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., July 22, 1965.
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TABLE I.- ORDINATES DEFINING CROSS-SECTIONAL SEAPE OF HL-10 WITHOUT TIP FINS

zf1 Ty/l z/1 ly/z z/1 T y/1 z2/1 ¥/ z/1 —[ y/1 z/1 y/v | ozt ¥/ z/1 y/1
x/1 = 0.042 x/1 = 0.208 x/1 = 0.292 x/1 = 0.417 x/1 = 0.500 x/1 = 0.583 x/1 = 0.667 x/1 = 0.792
0.0541 | 0 0.0792 |0 -0.0167 | 0.1119}} 0.0814 | 0 0.0782 |0 0.0741 o 0.0555j 0.1541 || 0.0578 | 0
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SLOuk1 | L0250 LOTHT | .0250}) --Ok1T7 21700 L0805 L0250 f L0776 | .0333]f L0735 | .ou3TI .o439| .1791 ) .0573| .1270
L0375 | L0306} 0712 | .0333} --0500 L1182 0197 .03334 .o770 | .OW17!l .O726 1 .060M | .0385| .1874| .0569| .1437
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0 LOu76 1|l L0333 | L0713 0706 .o750 |0 .o705 | .0833) .0626 | .1187](|0 216711 .okB6 | .2187
-.0536 | O .0250 | L0760 x/1 = 0.333 067k | L0833 .0682 | .o917( .0596 | .1270ll -.0083 | .2197 | .ok6C| .2270
.0167 | .0800 L0633 1 L0917 .0655 ! 1000l .0563 | .1354| -.0167| .2218 || .ok25) .2353
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0.0681 |0 -.0083 | .0882f .0813 L0167 LOu3T JLI6T( L0529 | .1250)] .Okl2 | 1604 || -.017| .226k | .0250| .2951
L0668 | .0083}|-.0167 | .0902{f .0803 L0250]0 L0375 1211l Lou67 | L1333 .0337 | 16870 -.09861 0 L0167 | .2588
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TABLE II.- DEFINITION OF TIP-FIN GEOMETRIC PARAMETERS

[Presented area is panel chord-plane area]

A

Upper panel

Lower panel ——

v

Section A-A
Lower panel Upper panel
* *
Designation € 1 5, €5 Pp) So
d di d d
c& 8 in2 cm2 c& ce in2 cm?
Pl 5 15 5.0 32.25 0 0 5.0 32.25
P2 5 l
P 10
3
Q 5 2’5 | 16.13
R 7.5 | 48.38
S l 15 5.0 32.25
T 16 30

10
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Pg tip fin L-64-248M

L-64-2488
Figuro %.- Photographs of the test model mounted in the Langley Unitary Plan wind tunnel.



a = -0.10° a = 16.35° a = 36.86°

M= 2.86

Figure 4.- Schlieren photographs of the test model with P, tip fin. L-65-169
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tip-fin toe-in angle on basic lateral characteristics
in sideslip. a ==19°,
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Figure 5.- Concluded.
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Figure 6.- Effect of upper-panel toe-in angle (¢,) on basic lateral characteristics
in sideslip. a = 19°,




(p) M = 2.86.

Figure 6.- Concluded.

19



il
i LT milﬂ'i' it
“mm ittt TR immm““!'ﬁ!ﬂ m“
-.16 SR R i |l| i i'lﬂﬂﬂ | i
°T-8 -4 -2 0 2 6 8 10 12
B, deg

(a) M = 1.50.

Figure 7.- Effect of upper-panel planform area (82) on basic lateral characteristics
in sideslip. a = 19O,
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Figure 9.- Effect of P; tip-fin toe-in angle on the variation of the sideslip
parameters with angle of attack.
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Figure 10.- Effect of upper-panel toe-in angle (€p) on the variation of the
sldeslip parameters with angle of attack.
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Figure 10.- Concluded.
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Figure 11.- Effect of upper-panel planform area (82) on the variation of the
sideslip parameters with angle of attack.
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Figure 12.- Effect of upper-panel roll-out angle (¢2) on the variation of the
sideslip parameters with angle of attack.
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the



O
0

Control

flap
0fft

On

a, deg

(b) M = 1.80.

Figure 1%.- Continued.

0 4 8 12 16 20 24 28 32 36 40



i

12

.02

.01

.01

.02

.01

.02

.01

a, deg

2.16.

(c) M

Figure 13.- Continued.

Lo




0" ””‘A”“ s.ﬂv 12“__.16 . 5 24H . 55 32 36
a, deg

(a) M= 2.86.

Figure 13.- Concluded.



.08

.04
0 Cm
-.04
) -.08
.4
Co
.2
0 2
1
i 0 L/D
.6 3
.4 }
Cp -2
0
-.2 =
-. 40 "4 = i:a.: 58

(8.) M= 1_50‘

Figure 1k4.- Effect of P, tip-fin toe-in angle on the variation of the longitudinal
characteristics with angle of attack.

Lk




e

L/0

12

B8 _w.. =g
<] L|l..0.l o 22 3 = -
HEE = = RS seEE
R =0 Eas T
= o - pots hamad b Bl pARe it g4 Rt e
= i B S5 BEE A REE e
i e EEESER
i H S R :
Bl 44+ u."l.w4
geys et 7
CrE e ===

a, dep

(p) M =1.80.

Figure 14.- Continued.

45



i
ﬁmmﬂl?
.miiqM

! a%
mmW!mmmmmmm

i muumxsmmlmmm!
mmtnmm

m I
!WH&%MIWMW%H

i R .gm.,
i e $mmmﬂmmmmWW%Jﬂ“1_m
i i!ﬂﬁumﬁwamwvmmwmmmmﬁmmmmwmmmmmmmmmmn
ﬂwmmmmmmmmmmmmmmmmmmmmWMM!mmmmmmmmmmmmm" et

4 8 12 16 20 24 28 32 36 40

o, deg

{(c) M= 2.16.

Figure 1%.- Continued.




drnrhiidie

S

i

1

1

S R i

|

deg

(a) M= 2.86.

Figure 1lk.- Concluded.

b7



.04
: 0
-.04
.6 -.08
.4
Cp
.2
0 2
1
.8 0
.6 -1

% % 8 12 16 20 24 28 32 36 40
a, deg

(a) M =1.50.

Figure 15.~ Effect of upper-panel toe-in angle (62) on the variation of the
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Figure 16.- Effect of upper-panel planform area (52) on the variation of the longitudinal
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(a) M = 1.50.

Figure 17.- Effect of upper-panel roll-out angle (¢2) on the variation of the
longitudinal characteristics with angle of attack.
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(a) M = 1.50.

Figure 18.- Effect of P, left tip-fin upper-panel control-surface deflection on the
variation of longitudinal characteristics with angle of attack.
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